Summary
Earthquake-reactivated landslides more commonly involve cohesive soils or debris; generally, it is 44 possible to inventory these landslides as active or quiescent phenomena that can be recognized by 45 typical landforms or historical chronicles that document their past (re)activations. Although these 46 events are directly recognizable, a great effort is needed to evaluate how their stability conditions 47 change due to earthquake occurrence as well as to quantify their co-seismic or post-seismic mobility 48 in terms of their expected displacements. This difficulty depends on the complex interactions 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   4 Based (CPB) approach, the values of the expected earthquake-induced landslide displacements 76 depend on a combination of 1D and 2D effects, these last ones related to the more complex 77 interactions between the landslide mass and slope geometry. Numerical results (Lenti & Martino, 78 2013) have demonstrated that upon increasing the energy of the input, the 2D effects become more 79 significant, and the expected displacements are mainly related to the T l /T m ratio. On the other hand, 80 the 1D resonance of the landslide mass is much more evident in the case of more gentle slopes than 81 for steeper ones.
82
In this study, the CPB approach was applied to provide the expected displacements of the Güevejar sources report that after the 1755 landslide reactivation (Sanz, 1997) , up to 2 m opened cracks were 92 observed; as a consequence of the earthquake-induced landslide movement, the old Güevejar 93 village was moved to its actual location, i.e., SW from the landslide area (Fig. 2a, b) .
94
The Diezma landslide, man-induced by the construction of the A-92 Highway in 1991 (Fig. 2c) , 95 was triggered the first time by rainfalls but it was not triggered by earthquakes so far, although 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 to an earthflow that reaches the bottom of the valley, where it is eroded by the Bermejo river.
112
Currently, the landslide is dormant (sensu WP/WLI, 1993), but it has well-preserved landforms,
113
including a main scarp and three orders of counterslope terraces separated by secondary scarps,
114
showing that it was active in the recent past. It involves Miocene to Pleistocene deposits that fill 115 the Granada basin (IGME, 1988); more in particular, the stratigraphy of the site is characterized 116 by a Neogene-Quaternary succession of marine deposits passing to continental ones. From 117 bottom to top, these deposits include grey clays with silty and sandy levels (Upper Miocene), The geological cross-section (Fig. 4a) , reconstructed along the Güevejar landslide mass using 124 field survey evidence as well as 2 borehole stratigraphic logs, shows a monoclinal NW dipping 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 7 occurred through 2013 demonstrate the persistency of the landslide activity. with the landslide mass.
181
A temporary seismometric array was also installed in the landslide area (Fig. 3) 
205
The analysis of the noise records (Fig. 9) demonstrates that the landslide mass is characterized (Fig. 5) . Similarly to the Güevejar test site, 219 a temporary seismometric array was installed on the landslide slope to evaluate the local seismic 220 response by using the receiver functions, HVSR (Field & Jacob, 1995) , and the standard 221 spectral ratios, SSR (Borcherdt, 1994), from weak motions (Fig. 6) .
222
In addition, 4 seismometric stations were equipped with Guralp CMG-6TD three-component 223 broadband seismometers connected to GPS for absolute timing. These stations were active for HVSRs ( Fig. 10a ) and the SSRs (Fig. 10b ) confirm the evidence resulting from the noise
230
HVSRs: i) a significant seismic amplification exists within the landslide mass at 3-5 Hz, ii)
231
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252
Quiet boundary conditions were applied at the base of the mesh (Kuhlemeyer & Lysmer, 1973) , 253 and free-field conditions were applied at the lateral boundaries (Cundall et al., 1980) .
254
For each model, an initial geostatic stress field was computed with the assumption of strain-255 plane conditions; in the dynamic configuration, the seismic inputs were applied in the form of 256 vertical upward-propagating SV stress waves.
257
With respect to the rheology used, nonlinear unstable dynamic behaviour was modelled .
301
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321
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358
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Discussion

393
The results obtained from the LMM analysis for the Güevejar and Diezma landslides highlight 394 significant differences in the earthquake-induced effects on the landslide mass.
395
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485
Conclusions
486
This study proposes an application of a CPB approach to evaluate the earthquake-induced 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   21 the landslide mass and related to its resonance.
509
The comparison between the two landslide case studies demonstrates the relevance of the role of 510 length in the case of km-scale landslides in terms of the effects expected by the interaction with 511 seismic waves, while, on the other hand, the landslide mass resonance, mainly related to its 512 thickness, plays a more significant role in the case of hm-scale landslides. In both the 513 considered case studies, the more conventional Newmark's approach significantly 514 underestimates the earthquake-induced displacements, even if flexible bock conditions are taken 515 into account.
516
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